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1 Preliminary remark 
When loaded by in-plane shear forces, sandwich panels have a high shear stiffness. The high 
in-plane shear stiffness can be used for stabilising single components such as beams and 
columns by lateral restraint, for transferring of horizontal loads and for stiffening of buildings. 
A recent tendency, especially in the area of smaller buildings – such as cooling chambers, 
climatic chambers and clean rooms – is to apply the panels without substructure. In this appli-
cation the utilization of the in-plane shear stiffness for load transfer in the plane of the panel is 
mandatory. 
Because the stiffness of sandwich panels is significantly higher than the stiffness of the con-
nections, the connections are decisive for the stiffness and load-bearing capacity of shear 
diaphragms made of sandwich panels. Whereas the load-bearing capacity of a connection 
can be taken from the corresponding technical approvals, no specifications for the stiffness of 
the connections are available. 
Therefore investigations on the stiffness of connections of sandwich panels were performed 
within the framework of Workpackage 3 of the EASIE project. Connections of sandwich pan-
els and a substructure (Fig. 1) were investigated as well as connections of the longitudinal 
joints of roof panels, where usually only the external faces of two panels are connected (Fig. 
2). 
    
Fig . 1: Connection  to  the  s ubs truc ture  
 
 
Fig . 2: Connection  a t the  long itud ina l jo in t o f roof pane ls  
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A similar type of connection can be found in frameless buildings made of sandwich panels - 
for example at the connection between wall and roof, where angles are fixed to only one face 
of the panel (Fig. 3). Unlike the connections of longitudinal joints at these connections a rela-
tively thick steel sheet is fixed to the comparatively thin face sheet of the panel. Therefore 







Fig . 3: Corner de ta il o f a  frameles s  bu ild ing  
 
In deliverable D3.2 – part 2, the results of the experimental tests on connections of sandwich 
panels are presented. The evaluation of the test results can be found in deliverable D3.3. De-
liverable D3.3 is also dealing with the design of diaphragms made of sandwich panels. 
2 Object of testing 
Tests with different types of self-drilling and self tapping screws were performed. A compila-
tion of the screw fasteners used for the tests and the usual application range of the fasteners 
are given in Tab. 1. In Tab. 2 the nominal dimensions of the fasteners are given. Drawings of 
the fasteners are presented in annex 1. For each type of fastener the thread, the shaft and the 
pin were measured. The measured dimensions are also given in annex 1. 
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fastener application range 
JT3-6-5,5x130 
self-drilling screw 





self-tapping screw  




self-drilling screw  
connection of longitudinal joints 
SL2-S-5,5x27 
SL2-S-L12-6,3x28 
JT3-2-6,0x25 self-drilling screw  
fixing of a thick to a thin steel sheet SL3/2-5-S-SV16-6,0x27 
Tab. 1: Applica tion  range  of tes ted  fas teners  
 
fastener external diameter 
core diame-
ter thread pitch pin diameter length of pin 
diameter of 
washer 
JT3-6-5,5x130 5,46 4,17 1,8 4,5 9 22 
JT3-6-5,5x170 5,46 4,17 1,8 4,5 9 16 
JT3-12-5,5x138 5,46 4,17 1,8 5,0 16 16 
JT3-12-5,5x178 5,46 4,17 1,8 5,0 16 16 
JZ3-6,3x150 6,25 4,88 1,8 - - 16 
JZ3-6,3x175 6,25 4,88 1,8 - - 16 
JZ3-8,0x150 8,0 6,2 2,1 - - 22 
SL2-S-4,8x22 4,8 3,5 1,59 3,2 - 14 
SL2-S-5,5x27 5,5 3,4 2,2 2,8 - 14 
SL2-S-L12-6,3x28 6,3 4,5 1,95 3,9 10 14 
JT3-2-6,0x25 6,0 - 2,0 3,6 - - 
SL3/2-5-S-SV16-
6,0x27 6,0 - 1,81 3,6 7,5 13x16 
Tab. 2: Nominal d imens ions  o f tes ted  fas teners  [mm] 
 
In the tests different types of sandwich panels were used. The sandwich panels used for the 
tests are given in Tab. 3. 
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No. core material thickness of core face material thickness of face profiling of faces 
A PU 100 mm steel 0,50 mm lightly profiled 
B PU 100 mm steel 0,75 mm lightly profiled 
C EPS 100 mm steel 0,60 mm flat 
Tab. 3: Tes ted  types  o f s andwich  pane ls  
 
3 Tests on fixings of sandwich panels to a substructure 
3.1 Preliminary remarks 
The stiffness of a connection depends on the following parts: 
• stiffness of the internal face sheet (hole elongation) 
• stiffness of the external face sheet (hole elongation) 
• bending stiffness of the screw fastener 
• stiffness of clamping of the fastener into the substructure 




clamping of head 
hole elongation internal face
hole elongation external face
substructure
 
Fig . 4: S tiffnes s  o f connec tion s  
 
To determine each of the above stiffness’s the following tests were performed 
• Hole elongation tests 
• Bending tests (stiffness of the clamping in the substructure) 
• Tests to determine the effect of clamping of the head 
• “Full-scale” tests on connections for verification of the design model 
3.2 Hole elongation tests 
The test set-up for the hole elongation tests is given in Fig. 5 and Fig. 6. 
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fixed in a frame
test set-up for fixing 
of the fastener
 
Fig . 5: Tes t s e t-up  fo r ho le  e longation  tes ts  
 
    
Fig . 6: Tes t s e t-up  fo r ho le  e longation  tes ts  
 
The fastener was set into the steel sheet. The steel sheet was fixed in a frame and the fas-
tener was also fixed in the test set-up. The specimen was loaded stepwise with an increase of 
displacement of approximately 0,5 mm in each load step, until a displacement of 3,0 mm was 
achieved. After each load step the specimen was unloaded to zero. 
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During the tests the thickness of the steel sheet and the nominal diameter of the fastener 
were varied. Tab. 4 and Tab. 5 show a compilation of the hole elongation tests. The measured 
dimensions of the elongated holes are also given in Tab. 4 and Tab. 5. The load-
displacement-relationships of the hole elongation tests are shown in annex 2. 
 










0,40-5,5-2 7,46 4,94 
0,40-5,5-3 7,76 4,60 
0,40-5,5-4 7,66 4,43 




0,40-6,3-2 8,01 4,96 
0,40-6,3-3 8,07 4,94 
0,40-6,3-4 8,13 4,94 
0,40-6,3-5 8,23 4,96 




0,40-8,0-2 9,83 6,90 





0,50-5,5-2 7,85 4,20 
0,50-5,5-3 7,88 4,40 
0,50-5,5-4 8,72 4,35 




0,50-6,3-2 8,02 5,19 
0,50-6,3-3 7,81 4,98 
0,50-6,3-4 8,59 4,99 




0,50-8,0-2 10,20 6,82 
0,50-8,0-3 9,49 6,63 
0,50-8,0-4 9,80 6,78 
0,50-8,0-5 9,42 6,97 
Tab. 4: Compila tion  o f ho le  e longation  tes ts  
 page 10 
 of test report 
 No.: D3.2 – part 2 
 
This test report may only be reproduced in an unabridged version. A publication in extracts needs our written approval. 
 










0,75-5,5-2 8,24 4,13 
0,75-5,5-3 8,86 4,08 
0,75-5,5-4 6,80 4,43 




0,75-6,3-2 8,16 4,99 
0,75-6,3-3 7,35 5,11 
0,75-6,3-4 8,08 5,08 




0,75-8,0-2 10,46 6,86 
0,75-8,0-3 10,03 7,14 
0,75-8,0-4 10,31 6,87 





1,00-5,5-2 7,69 4,02 
1,00-5,5-3 7,12 4,18 
1,00-5,5-4 6,61 4,55 




1,00-6,3-2 7,56 4,67 
1,00-6,3-3 8,12 4,74 
1,00-6,3-4 8,10 4,65 




1,00-8,0-2 9,66 6,47 
1,00-8,0-3 8,86 6,92 
1,00-8,0-4 7,80 6,62 
1,00-8,0-5 8,13 6,75 
Tab. 5: Compila tion  o f ho le  e longation  tes ts  - con tinua tion  
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3.3 Bending tests 









Fig . 7: Tes t s e t-up  fo r bend ing  tes ts  
 
   
Fig . 8: Tes t s e t-up  fo r bend ing  tes ts  
 
The screw fastener was mounted into a hollow section. For each specimen the length a of the 
thread was measured with reference to the surface of the hollow section (Tab. 6, Tab. 7). The 
fastener was loaded in the manner of a cantilever beam. At the point of load application the 
fastener could freely rotate. The load was increased until the non-linear part of the load-
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displacement-relationship was achieved. At the end of the tests the fastener was unloaded to 
zero. 
During the tests the wall thickness of the hollow section, the nominal diameter of the fastener 
and the lever arm D were varied. Tab. 6 and Tab. 7 show a compilation of the bending tests. 
The load-displacement-diagrams of the tests are shown in annex 3. 
 
No. thickness of hol-low section [mm] fastener 
pre-drilling diame-
ter [mm] 






2,0 JT3-6-5,5x170 - 
40 14 
2,0-5,5-40-2 40 13 
2,0-5,5-40-3 42 17 
2,0-5,5-90-1 90 15 
2,0-5,5-90-2 90 18 
2,0-5,5-90-3 90 18 
2,0-5,5-125-1 125 18 
2,0-5,5-125-2 125 19 
2,0-5,5-125-3 125 17 
3,0-6,3-40-1 
3,0 JZ3-6,3x175 5,3 
40 27 
3,0-6,3-40-2 40 27 
3,0-6,3-40-3 40 26 
3,0-6,3-90-1 90 28 
3,0-6,3-90-2 90 27 
3,0-6,3-90-3 90 26 
3,0-6,3-125-1 125 26 
3,0-6,3-125-2 125 26 
3,0-6,3-125-3 125 26 
4,0-8,0-40-1 
4,0 JZ3-8,0x150 6,8 
40 27 
4,0-8,0-40-2 40 28 
4,0-8,0-40-3 40 29 
4,0-8,0-80-1 80 25 
4,0-8,0-80-2 80 29 
4,0-8,0-80-3 80 27 
4,0-8,0-110-1 110 29 
4,0-8,0-110-2 110 29 
4,0-8,0-110-3 100 27 
Tab. 6: Compila tion  o f bend ing  tes ts  
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No. thickness of hol-low section [mm] fastener 
pre-drilling diame-
ter [mm] 






5,0 JT3-12-5,5x178 - 
40 16 
5,0-5,5-40-2 40 13 
5,0-5,5-40-3 40 17 
5,0-5,5-90-1 90 17 
5,0-5,5-90-2 90 16 
5,0-5,5-90-3 90 15 
5,0-5,5-120-1 120 16 
5,0-5,5-120-2 120 17 
5,0-5,5-120-3 120 16 
6,0-6,3-40-1 
6,0 JZ3-6,3x175 5,5 
40 28 
6,0-6,3-40-2 40 27 
6,0-6,3-40-3 40 27 
6,0-6,3-80-1 80 26 
6,0-6,3-80-2 80 27 
6,0-6,3-80-3 80 27 
6,0-6,3-120-1 120 27 
6,0-6,3-120-2 121 27 
6,0-6,3-120-3 120 27 
8,0-8,0-40-1 
8,0 JZ3-8,0x150 7,2 
41 28 
8,0-8,0-40-2 41 26 
8,0-8,0-40-3 39 32 
8,0-8,0-80-1 80 28 
8,0-8,0-80-2 80 26 
8,0-8,0-80-3 80 34 
8,0-8,0-110-1 112 35 
8,0-8,0-110-2 112 38 
8,0-8,0-110-3 110 35 
Tab. 7: Compila tion  o f bend ing  tes ts  - con tinua tion  
 
3.4 Tests on clamping of the head 
For investigating the effect of the clamping of the head at the external face full-scale tests on 
connections of sandwich panels and a substructure were performed. For these tests two kinds 
of specimens were used. In the first tests series (series a) the connections were executed in 
the usual way. In the second test series (series b) the panels were screwed to the substruc-
ture developing a gap between the external face of the panel and the washer of the fastener 
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(Fig. 9). In the connections of test series b the head of the fastener can freely rotate and so 
there is not any clamping of the head. 
 
   
Fig . 9: Spec imens  with  and  withou t c lamping  of the  head  
 
A test set up according to the ECCS-recommendations [1], [2] was used. In each test two 
connections were tested. The test set up is given in Fig. 10 and Fig. 11. 
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Fig . 10: Tes t s e t-up  fo r fu ll s ca le  tes ts  
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Fig . 11: Tes t s e t-up  fo r fu ll s ca le  tes ts  
 













0,60-2,0-5,5-a JT3-6-5,5x130 - C / 0,60 2,0 yes 
0,60-3,0-6,3-a JZ3-6,3x150 5,3 C / 0,60 3,0 yes 
0,75-6,0-6,3-a JZ3-6,3x150 5,5 B / 0,75 6,0 yes 
0,60-2,0-5,5-b JT3-6-5,5x130 - C / 0,60 2,0 no 
0,60-3,0-6,3-b JZ3-6,3x150 5,3 C / 0,60 3,0 no 
0,75-6,0-6,3-b JZ3-6,3x150 5,5 B / 0,75 6,0 no 
Tab. 8: Compila tion  o f tes ts  on  c lamping  of the  head  
 
The specimens were loaded with a displacement-rate of 2 mm/min until a displacement of 
approximately 15,0 mm was reached. The load-displacement-diagrams of the tests are shown 
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in annex 4. After the tests the inclination of the fasteners was measured. The specimens were 






dimensions of elongated hole [mm] 













0,60-2,0-5,5-a-1-I 4,0 14,18 4,68 4,61 4,58 4,61 4,54 
0,60-2,0-5,5-a-1-II 2,5 8,52 4,63 4,70 4,62 4,56 4,53 
0,60-2,0-5,5-a-2-I 5,5 13,04 4,68 4,56 4,69 4,58 4,54 
0,60-2,0-5,5-a-2-II 4,5 9,67 4,62 4,65 4,64 4,59 4,56 
0,60-2,0-5,5-a-3-I 4,0 11,13 4,61 4,66 4,57 4,54 4,46 
0,60-2,0-5,5-a-3-II 5,5 11,51 4,91 4,70 4,51 4,58 4,73 
0,60-3,0-6,3-a-1-I 2,0 7,06 5,87 5,22 5,24 5,09 5,03 
0,60-3,0-6,3-a-1-II 5,0 16,32 4,77 5,23 5,27 5,11 5,30 
0,60-3,0-6,3-a-2-I 1,5 7,68 5,15 5,22 5,18 5,22 5,04 
0,60-3,0-6,3-a-2-II 5,0 16,26 5,08 5,27 5,18 5,10 5,14 
0,60-3,0-6,3-a-3-I 3,0 7,23 5,16 5,20 5,23 5,03 5,01 
0,60-3,0-6,3-a-3-II 5,0 16,90 5,23 5,17 5,20 5,04 5,02 
0,75-6,0-6,3-a-1-I 1,5 8,66 5,09 5,39 5,23 5,39 5,34 
0,75-6,0-6,3-a-1-II 1,0 15,27 5,44 5,34 5,26 5,35 5,25 
0,75-6,0-6,3-a-2-I 2,0 9,70 4,81 5,19 5,42 5,71 5,19 
0,75-6,0-6,3-a-2-II 2,0 15,72 4,87 5,27 5,13 5,30 5,25 
0,75-6,0-6,3-a-3-I 2,0 7,07 4,84 5,22 5,24 5,11 5,18 
0,75-6,0-6,3-a-3-II 2,0 17,13 5,10 5,41 5,22 5,22 5,41 
0,60-2,0-5,5-b-1-I 4,0 5,72 4,57 4,62 4,55 4,55 4,50 
0,60-2,0-5,5-b-1-II 7,0 16,78 4,57 4,58 4,67 4,49 4,59 
0,60-2,0-5,5-b-2-I 1,5 6,18 4,77 4,68 4,61 4,51 4,42 
0,60-2,0-5,5-b-2-II 7,5 16,39 4,95 4,70 4,61 4,57 4,51 
0,60-2,0-5,5-b-3-I 2,5 11,91 4,83 4,64 4,55 4,62 4,55 
0,60-2,0-5,5-b-3-II 4,0 10,90 4,85 4,57 4,59 4,54 4,51 
0,60-3,0-6,3-b-1-I 2,0 6,87 5,10 5,19 5,17 5,26 5,00 
0,60-3,0-6,3-b-1-II 4,5 17,07 4,64 5,23 5,25 5,06 5,07 
0,60-3,0-6,3-b-2-I 7,0 15,63 5,22 5,22 5,22 5,05 5,09 
0,60-3,0-6,3-b-2-II 2,0 7,22 5,13 5,11 5,16 4,95 5,02 
0,60-3,0-6,3-b-3-I 6,0 17,14 5,15 5,21 5,20 5,00 4,84 
0,60-3,0-6,3-b-3-II 1,5 6,74 5,08 5,18 5,22 5,12 5,05 
Tab. 9: Meas ured  d imens ions  
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dimensions of elongated hole [mm] 













0,75-6,0-6,3-b-1-I 2,0 7,24 5,18 5,23 5,15 5,35 5,36 
0,75-6,0-6,3-b-1-II 4,0 17,01 5,02 5,41 5,32 5,31 5,17 
0,75-6,0-6,3-b-2-I 6,0 16,83 4,96 5,23 5,30 5,25 5,36 
0,75-6,0-6,3-b-2-II 1,0 7,19 5,11 5,34 5,17 5,32 5,23 
0,75-6,0-6,3-b-3-I 3,0 16,07 5,29 5,25 5,22 5,29 5,35 
0,75-6,0-6,3-b-3-II 2,0 8,40 5,10 5,18 5,39 5,34 5,31 
Tab. 10: Meas ured  d imens ions  - con tinua tion  
 
3.5 Full scale tests  
For verification of the design model some full-scale tests were performed. A test set up ac-
cording to the ECCS-recommendations [1], [2] was used. In each test two connections were 
tested. The test set up is given in Fig. 10 and Fig. 11. 
During the tests the thickness of the substructure and of the face sheets as well as the nomi-







type of panel / 
thickness of faces 
[mm] 
0,50-2,0-5,5 JT3-6-5,5x130 - 2,0 A / 0,50 
0,50-3,0-6,3 JZ3-6,3x150 5,3 3,0 A / 0,50 
0,50-4,0-8,0 JZ3-8,0x150 6,8 4,0 A / 0,50 
0,60-2,0-5,5 JT3-6-5,5x130 - 2,0 C / 0,60 
0,60-3,0-6,3 JZ3-6,3x150 5,3 3,0 C / 0,60 
0,60-4,0-8,0 JZ3-8,0x150 6,8 4,0 C / 0,60 
0,60-5,0-5,5 JT3-12-5,5x138 - 5,0 C / 0,60 
0,60-6,0-6,3 JZ3-6,3x150 5,5 6,0 C / 0,60 
0,60-8,0-8,0 JZ3-8,0x150 7,2 8,0 C / 0,60 
0,75-5,0-5,5 JT3-12-5,5x138 - 5,0 B / 0,75 
0,75-6,0-6,3 JZ3-6,3x150 5,5 6,0 B / 0,75 
0,75-8,0-8,0 JZ3-8,0x150 7,2 8,0 B / 0,75 
Tab. 11: Compila tion  o f fu ll-s ca le  tes ts  
 
The specimens were loaded with a displacement-rate of 2 mm/min until a displacement of 
approximately 6.0 mm was reached. After the test the specimen was unloaded to zero and the 
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inclination of the fasteners was measured. The specimens were demounted and the dimen-
sions of the elongated holes were measured (Tab. 12 to Tab. 14). The load-displacement-






dimensions of elongated hole [mm] 













0,50-2,0-5,5-1-I 2,0 7,74 4,70 4,61 4,61 4,51 4,50 
0,50-2,0-5,5-1-II 2,0 6,19 4,78 4,68 4,56 4,56 4,52 
0,50-2,0-5,5-2-I 2,0 7,93 4,69 4,58 4,52 4,67 4,52 
0,50-2,0-5,5-2-II 3,0 5,68 4,74 4,60 4,58 4,56 4,52 
0,50-2,0-5,5-3-I 1,0 6,41 4,82 4,72 4,63 4,53 4,50 
0,50-2,0-5,5-3-II 2,5 8,48 4,79 4,70 4,69 4,48 5,54 
0,50-3,0-6,3-1-I 1,0 6,96 5,47 5,29 5,31 4,91 5,03 
0,50-3,0-6,3-1-II 0,5 9,14 5,33 5,00 5,37 4,97 4,99 
0,50-3,0-6,3-2-I 1,5 7,42 5,55 5,38 5,45 5,08 5,14 
0,50-3,0-6,3-2-II 0,5 8,62 5,56 5,48 5,50 5,10 5,12 
0,50-3,0-6,3-3-I 0,0 8,30 5,32 5,33 5,34 5,02 5,10 
0,50-3,0-6,3-3-II 1,0 7,40 5,46 5,33 5,35 5,14 5,11 
0,50-4,0-8,0-1-I 0,5 8,27 7,13 6,98 6,86 6,54 6,62 
0,50-4,0-8,0-1-II 0,5 10,30 6,94 6,81 6,99 6,75 6,48 
0,50-4,0-8,0-2-I 1,0 8,25 6,93 7,01 7,00 6,64 6,96 
0,50-4,0-8,0-2-II 1,0 10,80 7,06 7,03 7,05 6,77 6,72 
0,50-4,0-8,0-3-I 1,0 8,55 7,12 7,12 7,05 6,70 6,55 
0,50-4,0-8,0-3-II 0,0 10,29 7,14 6,75 6,69 6,52 6,55 
0,60-2,0-5,5-1-I 3,0 6,44 4,79 4,71 4,50 4,53 4,51 
0,60-2,0-5,5-1-II 3,0 8,43 5,05 4,68 4,52 4,54 4,55 
0,60-2,0-5,5-2-I 2,0 8,00 4,53 4,64 4,72 4,48 5,52 
0,60-2,0-5,5-2-II 2,0 6,31 4,64 4,55 4,54 4,57 4,52 
0,60-2,0-5,5-3-I 1,0 8,50 4,86 4,68 4,54 4,51 4,50 
0,60-2,0-5,5-3-II 2,0 6,22 5,06 4,56 4,62 4,49 4,48 
0,60-3,0-6,3-1-I 1,0 7,05 5,31 5,44 5,51 5,16 5,11 
0,60-3,0-6,3-1-II 1,0 8,75 5,39 5,30 5,31 5,03 5,97 
0,60-3,0-6,3-2-I 0,5 10,16 5,33 5,30 5,39 4,96 5,16 
0,60-3,0-6,3-2-II 1,0 6,20 5,43 5,35 5,30 5,06 5,11 
0,60-3,0-6,3-3-I 1,0 6,93 5,53 5,23 5,30 5,03 4,97 
0,60-3,0-6,3-3-II 0,5 8,76 5,46 5,31 5,34 5,13 5,06 
Tab. 12: Meas ured  d imens ions  
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0,60-4,0-8,0-1-I 0,5 7,79 7,06 6,88 6,94 6,56 6,80 
0,60-4,0-8,0-1-II 1,0 11,34 6,98 6,87 7,02 6,62 6,62 
0,60-4,0-8,0-2-I 0,5 9,53 7,09 6,94 7,06 6,98 6,88 
0,60-4,0-8,0-2-II 1,0 9,69 7,00 6,98 7,01 6,60 6,58 
0,60-4,0-8,0-3-I 2,0 7,77 7,10 6,93 6,96 6,60 6,60 
0,60-4,0-8,0-3-II 1,0 11,14 7,23 6,94 6,98 6,67 6,58 
0,60-5,0-5,5-1-I 2,0 8,49 5,06 4,93 5,04 4,99 5,01 
0,60-5,0-5,5-1-II 1,0 7,02 5,18 5,12 5,07 5,03 5,02 
0,60-5,0-5,5-2-I 0,5 6,64 5,12 5,03 4,95 5,15 4,98 
0,60-5,0-5,5-2-II 1,0 7,75 5,11 5,07 5,11 5,02 5,02 
0,60-5,0-5,5-3-I 1,0 8,04 5,06 5,04 4,98 5,01 4,90 
0,60-5,0-5,5-3-II 0,,5 6,98 5,08 5,11 4,96 5,07 5,05 
0,60-6,0-6,3-1-I 1,0 7,87 5,47 5,63 5,47 5,15 5,07 
0,60-6,0-6,3-1-II 0,5 7,56 5,62 5,53 5,49 5,16 5,14 
0,60-6,0-6,3-2-I 0,5 7,69 5,51 5,50 5,54 4,99 5,19 
0,60-6,0-6,3-2-II 0,5 7,65 5,54 5,52 5,55 5,26 5,23 
0,60-6,0-6,3-3-I 0,5 6,29 5,52 5,59 5,51 5,22 5,24 
0,60-6,0-6,3-3-II 0,5 9,46 5,46 5,51 5,46 5,11 5,06 
0,60-8,0-8,0-1-I 0,0 8,61 7,11 7,19 7,20 7,18 6,85 
0,60-8,0-8,0-1-II 2,0 9,43 7,17 7,18 7,20 6,79 6,90 
0,60-8,0-8,0-2-I 0,5 10,16 7,16 7,23 7,16 6,80 6,75 
0,60-8,0-8,0-2-II 0,0 8,52 7,04 7,18 7,19 6,82 6,78 
0,60-8,0-8,0-3-I 0,0 9,36 7,21 7,23 7,22 6,82 6,76 
0,60-8,0-8,0-3-II 1,0 9,18 7,23 7,23 7,20 6,77 6,75 
0,75-5,0-5,5-1-I 1,0 7,06 5,08 5,02 5,19 4,94 4,89 
0,75-5,0-5,5-1-II 1,5 7,22 5,04 5,01 5,01 4,98 4,96 
0,75-5,0-5,5-2-I 2,0 7,16 5,03 5,09 5,13 4,98 4,89 
0,75-5,0-5,5-2-II 1,0 7,11 5,02 5,10 4,98 4,97 4,90 
0,75-5,0-5,5-3-I 1,5 7,93 5,11 5,07 5,07 5,01 4,99 
0,75-5,0-5,5-3-II 1,0 7,03 5,11 5,04 5,14 5,03 4,99 
0,75-6,0-6,3-1-I 1,0 7,28 5,56 5,60 5,44 5,21 5,21 
0,75-6,0-6,3-1-II 0,5 8,39 5,22 5,50 5,44 5,19 5,16 
0,75-6,0-6,3-2-I 0,5 8,40 5,51 5,64 5,61 5,26 5,07 
0,75-6,0-6,3-2-II 1,0 7,44 5,60 5,44 5,59 5,23 5,25 
Tab. 13: Meas ured  d imens ions  – con tinua tion  
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0,75-6,0-6,3-3-I 0,5 7,64 5,43 5,72 5,66 5,20 5,14 
0,75-6,0-6,3-3-II 1,0 7,66 5,72 5,39 5,48 5,21 5,32 
0,75-8,0-8,0-1-I 1,0 8,10 7,29 7,24 7,22 7,00 6,89 
0,75-8,0-8,0-1-II 0,5 10,65 7,22 7,23 7,18 6,97 6,86 
0,75-8,0-8,0-2-I 1,0 9,30 7,24 7,24 7,09 7,02 6,85 
0,75-8,0-8,0-2-II 1,0 10,15 7,12 7,15 7,23 6,91 7,06 
0,75-8,0-8,0-3-I 1,0 9,25 7,20 7,18 7,17 6,80 6,85 
0,75-8,0-8,0-3-II 1,5 9,25 7,19 7,12 7,18 6,84 6,73 
Tab. 14: Meas ured  d imens ions  - con tinua tion  
 
4 Tests on connections of longitudinal joints 
In addition to the tests on connections of sandwich panels to a substructure also tests on con-
nections of longitudinal joints were performed. Because in building practice usually a sealing 
tape is mounted between the connected face sheets, also tests with a sealing tape were per-
formed (Fig. 12). A sealing tape LS-15/2-3 was used. 
 
    
Fig . 12: Connection  with  and  withou t s ea ling  tape  
 
In the tests a test set up according to the ECCS-recommendations [1], [2] was used. In each 
test two connections were tested. The test set up is given in Fig. 13 and Fig. 14. 
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steel sheet representing 
external face
 
Fig . 13: Tes t s e t-up  fo r tes ts  on  connec tion  o f long itud ina l jo in ts  
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Fig . 14: Tes t s e t-up  fo r tes ts  on  connec tion  o f long itud ina l jo in ts  
 
During the tests the thickness of the face sheets as well as the nominal diameter of the fas-
teners were varied. Tab. 15 shows a compilation of the tests on longitudinal joints. For the 
specimens with sealing tape before testing the thickness of the sealing tape was measured at 
the mounted specimen (Tab. 16).  
The specimens were loaded with a displacement-rate of 2 mm/min until a displacement of 
approximately 6.0 mm was reached. After the test the specimen was unloaded to zero. The 
load-displacement-diagrams of the tests are shown in annex 6. Because fasteners with un-
dercut were used for the test, demounting of the specimens and measurement of the elon-
gated holes was not possible. 
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No. fastener pre-drilling diame-ter [mm] 




0,50-4,8 SL2-S-4,8x22 - A / 0,50 no 
0,50-5,5 SL2-S-5,5x27 - A / 0,50 no 
0,50-6,3 SL2-S-L12-6,3x28 - A / 0,50 no 
0,75-4,8 SL2-S-4,8x22 - B / 0,75 no 
0,75-5,5 SL2-S-5,5x27 - B / 0,75 no 
0,75-6,3 SL2-S-L12-6,3x28 - B / 0,75 no 
0,50-4,8-st SL2-S-4,8x22 - A / 0,50 yes 
0,50-5,5-st SL2-S-5,5x27 - A / 0,50 yes 
0,50-6,3-st SL2-S-L12-6,3x28 - A / 0,50 yes 
0,75-4,8-st SL2-S-4,8x22 - B / 0,75 yes 
0,75-5,5-st SL2-S-5,5x27 - B / 0,75 yes 
0,75-6,3-st SL2-S-L12-6,3x28 - B / 0,75 yes 
Tab. 15: Compila tion  o f fu ll-s ca le  tes ts  on  long itud ina l jo in ts  
 
No. thickness of sealing tape [mm] No. 
thickness of sealing 
tape [mm] 
0,50-4,8-st-1-I 1,75 0,75-4,8-st-1-I 1,75 
0,50-4,8-st-1-II 1,75 0,75-4,8-st-1-II 2,00 
0,50-4,8-st-2-I 1,50 0,75-4,8-st-2-I 2,00 
0,50-4,8-st-2-II 1,75 0,75-4,8-st-2-II 2,00 
0,50-4,8-st-3-I 1,75 0,75-4,8-st-3-I 1,75 
0,50-4,8-st-3-II 1,75 0,75-4,8-st-3-II 1,75 
0,50-5,5-st-1-I 1,50 0,75-5,5-st-1-I 1,75 
0,50-5,5-st-1-II 2,00 0,75-5,5-st-1-II 1,50 
0,50-5,5-st-2-I 2,00 0,75-5,5-st-2-I 1,75 
0,50-5,5-st-2-II 1,75 0,75-5,5-st-2-II 1,75 
0,50-5,5-st-3-I 2,00 0,75-5,5-st-3-I 1,50 
0,50-5,5-st-3-II 1,75 0,75-5,5-st-3-II 1,75 
0,50-6,3-st-1-I 1,75 0,75-6,3-st-1-I 2,00 
0,50-6,3-st-1-II 1,50 0,75-6,3-st-1-II 1,50 
0,50-6,3-st-2-I 1,50 0,75-6,3-st-2-I 2,00 
0,50-6,3-st-2-II 1,50 0,75-6,3-st-2-II 1,50 
0,50-6,3-st-3-I 1,75 0,75-6,3-st-3-I 1,75 
0,50-6,3-st-3-II 1,75 0,75-6,3-st-3-II 1,75 
Tab. 16: Th icknes s  o f s ea ling  tapes  
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5 Tests on “thick to thin” connections 
In frameless buildings often connections of comparatively thick steel sheets to only one face 
sheet of a sandwich panel are used. Because the EASIE project deals also with frameless 
buildings tests on this kind of connection were performed. In the tests the steel section was 
represented by a steel angle with a thickness of 2,0 mm. The specimen used for the tests is 
given in Fig. 15 and Fig. 16. 
The same test set up and test procedure was used as per the tests on connections of longitu-















Fig . 15: Spec imen  for tes ts  on  “th ick to  th in ” connec tions  
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Fig . 16: Spec imen  for tes ts  on  “th ick to  th in ” connec tions  
 
Tab. 17 shows a compilation of the performed tests. The load-displacement-diagrams of the 
tests are shown in annex 7. 
 
No. fastener pre-drilling diameter [mm] 
thickness of 
steel sheet  
[mm] 
type of panel / thick-
ness of face sheet 
[mm] 
2,00-0,50-JT3/2 JT3-2-6,0x25 - 2,0 A / 0,50 
2,00-0,50-SL3/2 SL3/2-5-S-SV16-6,0xL - 2,0 A / 0,50 
2,00-0,75-JT3/2 JT3-2-6,0x25 - 2,0 B / 0,75 
2,00-0,75-SL3/2 SL3/2-5-S-SV16-6,0xL - 2,0 B / 0,75 
Tab. 17: Compila tion  o f tes ts  
 
Demounting of the connections and measurement of the elongated holes was not possible for 
all specimens. If possible the specimens were demounted and the dimensions of the elon-
gated holes were measured. The measured dimensions are given in Tab. 18. 
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No. 
dimensions of elongated hole in the face sheet [mm] 
fastener I fastener II 
lengthwise crosswise lengthwise crosswise 
2,00-0,50-SL3/2-1 5,43 3,75 6,91 3,66 
2,00-0,50-SL3/2-2 4,83 4,00 7,80 3,94 
2,00-0,50-SL3/2-3 5,80 4,17 6,99 3,66 
2,00-0,75-SL3/2-1 5,78 3,89 5,30 3,71 
2,00-0,75-SL3/2-2 6,60 3,91 5,75 3,62 
2,00-0,75-SL3/2-3 5,21 3,70 6,28 3,80 
Tab. 18: Meas ured  d imens ions  o f e longated  ho les  
 
6 Mechanical properties of steel sheets and metallic surface layers 
For each tested type of steel sheet and hollow section and for the face sheets of each tested 
type of sandwich panel, specimens for tensile tests according to EN 10002-1 were worked out 
and tensile tests for determining the mechanical properties were done. For determination of 
the yield strength ReH/Rp0,2 and the tensile strength Rm, the core thicknesses tk determined on 
the specimens were used. The mean values of the results are listed in the following tables.  
 
t tK ReH/Rp0,2 Rm 
[mm] [mm] [N/mm²] [N/mm²] 
0,40 0,38 329 390 
0,50 0,49 341 405 
0,75 0,69 266 387 
1,00 0,97 322 394 
Tab. 19: Mechanica l p roperties  o f s tee l s hee ts  fo r ho le  e longation  tes ts  and  tes ts  on  long itu -
d ina l jo in ts  
 
t tK ReH/Rp0,2 Rm 
[mm] [mm] [N/mm²] [N/mm²] 
2,00 1,81 332 398 
3,00 2,75 380 446 
4,00 4,12 467 523 
5,00 4,88 469 497 
6,00 5,70 401 457 
8,00 7,80 392 539 
Tab. 20: Mechanica l p roperties  o f ho llow s ec tions  fo r bend ing  tes ts  
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t tK ReH/Rp0,2 Rm 
[mm] [mm] [N/mm²] [N/mm²] 
2,00 2,01 163 308 
3,00 3,07 398 492 
4,00 3,87 343 460 
5,00 5,39 326 499 
6,00 6,16 352 455 
8,00 7,92 341 446 




 tK ReH/Rp0,2 Rm 
[mm] [N/mm²] [N/mm²] 
A 
top side of production 0,474 358 405 
bottom side of production 0,472 358 403 
B 
top side of production 0,765 399 403 
bottom side of production 0,759 406 402 
C 
face 1 0,538 412 456 
face 2 0,541 406 453 
Tab. 22: Mechanica l p roperties  o f face  s hee ts  o f s andwich  pane ls  
 
7 Summary 
WP 3, task 3.3 of the EASIE project deals with shear diaphragms made of sandwich panels. 
Because the in-plane shear stiffness of sandwich panels is significantly higher than the stiff-
ness of the connections, the connections are decisive for the stiffness and load-bearing ca-
pacity of shear diaphragms. Therefore tests on connections of sandwich panels have been 
performed. In deliverable D3.2 – part 2 the results of the tests are presented. The evaluation 
of the test results can be found in deliverable D3.3. Deliverable D3.3 is also dealing with the 
design of diaphragms made of sandwich panels.  
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Measured dimensions of fastener JT3-6-5,5x130 
 













1 5,58 3,97 1,93 40,17 4,53 4,64 9,12 
2 5,51 3,96 1,93 41,03 4,53 4,57 8,46 
3 5,55 3,96 1,93 40,17 4,52 4,77 9,08 
4 5,53 3,96 1,91 40,74 4,52 4,59 8,50 
5 5,53 3,97 1,93 40,88 4,52 4,65 8,45 
6 5,52 3,98 1,94 41,03 4,52 4,70 8,03 
7 5,56 3,96 1,84 40,79 4,54 4,69 8,51 
8 5,51 3,96 1,83 41,41 4,53 4,73 8,08 
9 5,49 3,97 1,83 40,88 4,51 4,63 8,46 
10 5,49 3,97 1,83 40,41 4,53 4,60 8,93 
mean values 5,53 3,96 1,89 40,75 4,53 4,66 8,56 
 
 
Measured dimensions of fastener JT3-6-5,5x170 
 













1 5,47 4,02 1,82 40,27 4,52 4,70 9,50 
2 5,50 4,06 1,83 40,32 4,52 4,71 9,64 
3 5,49 4,01 1,83 40,94 4,52 4,80 8,78 
4 5,49 4,02 1,83 41,80 4,53 4,71 8,36 
5 5,48 4,01 1,82 41,52 4,52 4,64 8,69 
6 5,48 4,02 1,83 41,37 4,53 4,76 8,98 
7 5,48 4,01 1,82 40,89 4,53 4,70 8,88 
8 5,50 4,02 1,83 41,18 4,53 4,76 8,64 
9 5,48 4,03 1,82 40,18 4,55 4,71 9,55 
10 5,48 4,02 1,82 40,94 4,52 4,76 9,02 
mean values 5,48 4,02 1,83 40,94 4,53 4,72 9,00 
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Measured dimensions of fastener JT3-12-5,5x138 
 













1 5,46 4,01 1,83 41,63 4,53 4,05 16,16 
2 5,38 4,03 1,83 41,96 4,53 4,04 16,12 
3 5,48 4,02 1,83 41,58 4,58 4,06 16,31 
4 5,53 4,02 1,83 41,73 4,57 4,07 16,30 
5 5,48 4,00 1,82 41,73 4,53 4,05 16,06 
6 5,40 4,05 1,83 41,73 4,55 4,07 16,21 
7 5,45 4,01 1,83 42,01 4,53 4,05 15,78 
8 5,44 4,00 1,82 41,34 4,53 4,10 16,36 
9 5,50 4,02 1,83 41,58 4,52 4,07 16,16 
10 5,62 4,00 1,82 42,53 4,54 4,06 15,31 
mean values 5,47 4,01 1,83 41,78 4,54 4,06 16,08 
 
 
Measured dimensions of fastener JT3-12-5,5x178 
 













1 5,45 4,05 1,83 45,33 4,51 4,98 11,84 
2 5,41 4,05 1,84 45,71 4,52 4,90 11,27 
3 5,42 4,02 1,82 42,08 4,50 4,90 14,66 
4 5,39 4,05 1,83 44,95 4,52 4,87 12,08 
5 5,37 4,05 1,83 41,84 4,51 4,93 15,18 
6 5,43 4,04 1,83 44,28 4,52 4,93 12,89 
7 5,35 4,06 1,83 45,09 4,52 4,92 11,70 
8 5,38 4,06 1,83 43,80 4,52 4,91 13,46 
9 5,38 4,03 1,82 42,66 4,50 4,92 14,33 
10 5,41 4,04 1,83 41,99 4,54 4,94 15,14 
mean values 5,40 4,04 1,83 43,77 4,52 4,92 13,26 
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Measured dimensions of fastener JZ3-6,3x150 
 













1 6,23 4,76 1,83 64,16 5,26 4,51 - 
2 6,31 4,78 1,82 64,44 5,26 4,47 - 
3 6,22 4,78 1,82 65,04 5,27 4,47 - 
4 6,22 4,78 1,82 64,75 5,24 4,51 - 
5 6,28 4,72 1,82 64,52 5,25 4,51 - 
6 6,23 4,75 1,82 65,67 5,24 4,42 - 
7 6,24 4,73 1,82 64,37 5,25 4,51 - 
8 6,30 4,73 1,82 64,90 5,23 4,47 - 
9 6,25 4,79 1,82 65,18 5,26 4,47 - 
10 6,25 4,76 1,82 65,37 5,24 4,47 - 
mean values 6,25 4,76 1,82 64,84 5,25 4,48 - 
 
 
Measured dimensions of fastener JZ3-6,3x175 
 













1 6,23 4,74 1,82 64,06 5,27 4,42 - 
2 6,29 4,66 1,83 64,73 5,26 4,42 - 
3 6,24 4,70 1,82 64,68 5,27 4,42 - 
4 6,28 4,70 1,82 64,58 5,27 4,27 - 
5 6,25 4,73 1,82 63,67 5,27 4,32 - 
6 6,22 4,73 1,82 64,15 5,25 4,32 - 
7 6,21 4,76 1,82 64,49 5,25 4,42 - 
8 6,32 4,68 1,82 64,20 5,26 4,37 - 
9 6,27 4,73 1,82 64,01 5,28 4,42 - 
10 6,26 4,73 1,82 63,86 5,25 4,32 - 
mean values 6,26 4,72 1,82 64,24 5,26 4,37 - 
 Annex 1.7 
 of test report 
 No.: D3.2 – part 2 
 
 
Measured dimensions of fastener JZ3-8,0x150 
 













1 7,95 6,14 2,14 64,36 6,79 5,43 - 
2 7,93 6,12 2,13 64,31 6,80 5,48 - 
3 7,96 6,13 2,14 64,16 6,81 5,29 - 
4 7,97 6,12 2,13 63,59 6,79 5,43 - 
5 7,95 6,13 2,14 64,16 6,81 5,48 - 
6 7,99 6,13 2,14 64,21 6,82 5,48 - 
7 7,95 6,13 2,13 64,26 6,82 5,48 - 
8 7,93 6,11 2,13 64,31 6,82 5,38 - 
9 8,02 6,12 2,13 65,17 6,80 5,48 - 
10 7,95 6,12 2,13 64,31 6,82 5,43 - 
mean values 7,96 6,12 2,13 64,28 6,81 5,44 - 
 
 
Measured dimensions of fastener SL2-S-4,8x22 
 
















1 4,70 3,27 1,59 10,74 3,60 5,06 2,63 7,53 
2 4,66 3,25 1,58 11,93 3,58 5,00 2,68 6,39 
3 4,63 3,23 1,59 11,02 3,55 5,08 2,65 7,01 
4 4,68 3,27 1,59 11,93 3,60 5,06 2,64 6,34 
5 4,68 3,28 1,59 11,93 3,66 4,93 2,65 6,29 
6 4,72 3,29 1,59 11,79 3,58 5,11 2,64 6,39 
7 4,65 3,26 1,58 11,12 3,61 5,02 2,64 7,22 
8 4,73 3,27 1,59 11,74 3,59 5,08 2,63 6,44 
9 4,72 3,30 1,60 11,93 3,58 4,70 2,64 6,53 
10 4,71 3,28 1,59 11,93 3,58 5,00 2,63 6,25 
mean 
values 4,69 3,27 1,59 11,60 3,59 5,00 2,64 6,64 
 
 Annex 1.8 
 of test report 
 No.: D3.2 – part 2 
 
 
Measured dimensions of fastener SL2-S-5,5x27 
 
















1 5,40 3,12 2,22 13,62 3,29 5,22 2,31 8,06 
2 5,44 3,09 2,21 14,29 3,32 5,24 2,32 7,49 
3 5,47 3,10 2,22 14,05 3,36 4,99 2,30 7,96 
4 5,35 3,10 2,22 13,76 3,29 5,26 2,33 7,73 
5 5,33 3,10 2,22 13,57 3,30 5,07 2,35 8,25 
6 5,41 3,10 2,22 13,71 3,31 5,18 2,33 7,96 
7 5,43 3,07 2,20 13,71 3,27 5,36 2,25 7,82 
8 5,36 3,13 2,16 14,05 3,28 5,22 2,32 7,82 
9 5,38 3,10 2,21 14,62 3,31 5,19 2,32 7,35 
10 5,42 3,10 2,21 13,57 3,33 5,02 2,31 8,35 
mean 
values 5,40 3,10 2,21 13,89 3,30 5,17 2,31 7,88 
 
 
Measured dimensions of fastener SL2-S-L12-6,3x28 
 
















1 6,30 4,33 1,96 12,66 4,72 4,83 3,94 10,65 
2 6,31 4,31 1,95 12,51 4,72 5,14 3,92 10,26 
3 6,36 4,34 1,97 13,66 4,72 4,21 3,92 10,17 
4 6,32 4,28 1,94 12,70 4,70 4,94 3,96 10,22 
5 6,28 4,31 1,96 13,04 4,73 4,22 3,89 10,60 
6 6,30 4,34 1,96 11,00 4,75 3,70 3,89 10,17 
7 6,28 4,33 1,96 13,32 4,71 4,90 3,90 9,88 
8 6,32 4,30 1,95 12,66 4,73 5,01 3,90 10,24 
9 6,28 4,31 1,94 12,28 4,73 5,27 3,93 10,52 
10 6,30 4,29 1,96 12,61 4,78 5,03 3,94 10,44 
mean 
values 6,30 4,31 1,96 12,64 4,73 4,73 3,92 10,31 
 
 Annex 1.9 
 of test report 
 No.: D3.2 – part 2 
 
 
Measured dimensions of fastener JT3-2-6,0x25 
 
















1 5,88 3,64 2,00 17,17 4,56 1,93 3,73 6,94 
2 5,88 3,64 2,00 16,07 4,58 2,57 3,74 7,47 
3 5,86 3,63 2,00 16,07 4,52 2,08 3,76 7,89 
4 5,88 3,64 1,99 16,31 4,56 2,39 3,74 7,42 
5 5,88 3,65 2,00 17,02 4,58 1,95 3,73 7,08 
6 5,87 3,64 2,00 16,07 4,55 1,94 3,74 8,23 
7 5,89 3,63 2,00 16,93 4,56 1,88 3,71 7,13 
8 5,87 3,64 2,00 16,83 4,56 2,01 3,74 7,18 
9 5,88 3,64 1,99 16,59 4,55 2,32 3,75 6,89 
10 5,89 3,64 2,00 16,59 4,55 1,86 3,78 7,18 
mean 
values 5,88 3,64 2,00 16,56 4,56 2,09 3,74 7,34 
 
 
Measured dimensions of fastener SL3/2-5-S-SV16-6,0x27 
 
















1 5,97 3,55 1,82 13,54 3,57 6,80 3,64 7,13 
2 6,00 3,56 1,83 14,14 3,56 6,56 3,53 6,74 
3 5,98 3,56 1,82 14,05 3,58 6,72 3,69 6,79 
4 6,00 3,56 1,82 13,77 3,59 6,77 3,64 6,98 
5 5,99 3,55 1,82 13,41 3,59 6,81 3,54 7,31 
6 5,99 3,55 1,82 13,90 3,58 6,95 3,54 6,55 
7 5,97 3,55 1,82 15,22 3,56 6,74 3,59 5,45 
8 5,99 3,56 1,82 13,85 3,57 6,86 3,61 6,94 
9 5,98 3,56 1,81 16,15 3,57 6,66 3,61 4,59 
10 6,00 3,55 1,81 14,91 3,63 6,65 3,67 5,88 
mean 
values 5,99 3,55 1,82 14,29 3,58 6,75 3,61 6,44 
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Hole elongation tests 
thickness of steel sheet: 0,40 mm 
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 of test report 
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 No.: D3.2 – part 2 
 
Hole elongation tests 
thickness of steel sheet: 0,40 mm 
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 No.: D3.2 – part 2 
 
Hole elongation tests 
thickness of steel sheet: 0,40 mm 
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 of test report 
 No.: D3.2 – part 2 
 
Hole elongation tests 
thickness of steel sheet: 0,50 mm 
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 of test report 
 No.: D3.2 – part 2 
 
Hole elongation tests 
thickness of steel sheet: 0,50 mm 
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 of test report 
 No.: D3.2 – part 2 
 
Hole elongation tests 
thickness of steel sheet: 0,50 mm 
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 No.: D3.2 – part 2 
 
Hole elongation tests 
thickness of steel sheet: 0,75 mm 
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 of test report 

















 Annex 2.21 
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 No.: D3.2 – part 2 
 
Hole elongation tests 
thickness of steel sheet: 0,75 mm 


































 Annex 2.22 
 of test report 



































 Annex 2.23 
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Hole elongation tests 
thickness of steel sheet: 0,75 mm 
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 No.: D3.2 – part 2 
 
Hole elongation tests 
thickness of steel sheet: 1,00 mm 
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 No.: D3.2 – part 2 
 
Hole elongation tests 
thickness of steel sheet: 1,00 mm 
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Hole elongation tests 
thickness of steel sheet: 1,00 mm 
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 of test report 
 No.: D3.2 – part 2 
 
Bending tests 
 Thickness of substructure: 2,0 mm 
 Nominal diameter of fastener: 5,5 mm 
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 of test report 
 No.: D3.2 – part 2 
 
Bending tests 
 Thickness of substructure: 2,0 mm 
 Nominal diameter of fastener: 5,5 mm 
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 of test report 
 No.: D3.2 – part 2 
 
Bending tests 
 Thickness of substructure: 2,0 mm 
 Nominal diameter of fastener: 5,5 mm 
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 of test report 
 No.: D3.2 – part 2 
 
Bending tests 
 Thickness of substructure: 3,0 mm 
 Nominal diameter of fastener: 6,3 mm 
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 of test report 
 No.: D3.2 – part 2 
 
Bending tests 
 Thickness of substructure: 3,0 mm 
 Nominal diameter of fastener: 6,3 mm 
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 of test report 
 No.: D3.2 – part 2 
 
Bending tests 
 Thickness of substructure: 3,0 mm 
 Nominal diameter of fastener: 6,3 mm 
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 Annex 3.13 
 of test report 
 No.: D3.2 – part 2 
 
Bending tests 
 Thickness of substructure: 4,0 mm 
 Nominal diameter of fastener: 8,0 mm 
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 of test report 
 No.: D3.2 – part 2 
 
Bending tests 
 Thickness of substructure: 4,0 mm 
 Nominal diameter of fastener: 8,0 mm 
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 of test report 
 No.: D3.2 – part 2 
 
Bending tests 
 Thickness of substructure: 4,0 mm 
 Nominal diameter of fastener: 8,0 mm 
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 of test report 
 No.: D3.2 – part 2 
 
Bending tests 
 Thickness of substructure: 5,0 mm 
 Nominal diameter of fastener: 5,5 mm 
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 of test report 
 No.: D3.2 – part 2 
 
Bending tests 
 Thickness of substructure: 5,0 mm 
 Nominal diameter of fastener: 5,5 mm 
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 of test report 
 No.: D3.2 – part 2 
 
Bending tests 
 Thickness of substructure: 5,0 mm 
 Nominal diameter of fastener: 5,5 mm 
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 of test report 
 No.: D3.2 – part 2 
 
Bending tests 
 Thickness of substructure: 6,0 mm 
 Nominal diameter of fastener: 6,3 mm 
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 of test report 
 No.: D3.2 – part 2 
 
Bending tests 
 Thickness of substructure: 6,0 mm 
 Nominal diameter of fastener: 6,3 mm 
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 of test report 
 No.: D3.2 – part 2 
 
Bending tests 
 Thickness of substructure: 6,0 mm 
 Nominal diameter of fastener: 6,3 mm 
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 Annex 3.31 
 of test report 
 No.: D3.2 – part 2 
 
Bending tests 
 Thickness of substructure: 8,0 mm 
 Nominal diameter of fastener: 8,0 mm 
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 of test report 
 No.: D3.2 – part 2 
 
Bending tests 
 Thickness of substructure: 8,0 mm 
 Nominal diameter of fastener: 8,0 mm 
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 of test report 
 No.: D3.2 – part 2 
 
Bending tests 
 Thickness of substructure: 8,0 mm 
 Nominal diameter of fastener: 8,0 mm 
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 Annex 4.1 
 of test report 
 No.: D3.2 – part 2 
 
Tests on clamping of the head: 
 Thickness of face sheet: 0,60 mm 
Thickness of substructure: 2,0 mm 
Nominal diameter of the fastener: 5,5 mm 
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 of test report 
 No.: D3.2 – part 2 
 
Tests on clamping of the head: 
 Thickness of face sheet: 0,60 mm 
Thickness of substructure: 3,0 mm 
Nominal diameter of the fastener: 6,3 mm 
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 Annex 4.5 
 of test report 
 No.: D3.2 – part 2 
 
Tests on clamping of the head: 
 Thickness of face sheet: 0,75 mm 
Thickness of substructure: 6,0 mm 
Nominal diameter of the fastener: 6,3 mm 
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 Annex 4.7 
 of test report 
 No.: D3.2 – part 2 
 
Tests on clamping of the head: 
 Thickness of face sheet: 0,60 mm 
Thickness of substructure: 2,0 mm 
Nominal diameter of the fastener: 5,5 mm 
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 of test report 
 No.: D3.2 – part 2 
 
  
Tests on clamping of the head: 
 Thickness of face sheet: 0,60 mm 
Thickness of substructure: 3,0 mm 
Nominal diameter of the fastener: 6,3 mm 
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 of test report 
 No.: D3.2 – part 2 
 
  
Tests on clamping of the head: 
 Thickness of face sheet: 0,75 mm 
Thickness of substructure: 6,0 mm 
Nominal diameter of the fastener: 6,3 mm 
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 of test report 
 No.: D3.2 – part 2 
 
Full-scale tests 
 Thickness of face sheet: 0,50 mm 
 Thickness of substructure: 2,0 mm 
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 of test report 
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 of test report 
 No.: D3.2 – part 2 
 
Full-scale tests 
 Thickness of face sheet: 0,50 mm 
 Thickness of substructure: 3,0 mm 
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 of test report 
 No.: D3.2 – part 2 
 
Full-scale tests 
 Thickness of face sheet: 0,50 mm 
 Thickness of substructure: 4,0 mm 
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 of test report 
 No.: D3.2 – part 2 
 
Full-scale tests 
 Thickness of face sheet: 0,60 mm 
 Thickness of substructure: 2,0 mm 
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 of test report 
 No.: D3.2 – part 2 
 
Full-scale tests 
 Thickness of face sheet: 0,60 mm 
 Thickness of substructure: 6,0 mm 
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 of test report 
 No.: D3.2 – part 2 
 
Full-scale tests 
 Thickness of face sheet: 0,60 mm 
 Thickness of substructure: 4,0 mm 
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 of test report 
 No.: D3.2 – part 2 
 
Full-scale tests 
 Thickness of face sheet: 0,60 mm 
 Thickness of substructure: 5,0 mm 




















 Annex 5.14 
 of test report 


































 Annex 5.15 
 of test report 
 No.: D3.2 – part 2 
 
Full-scale tests 
 Thickness of face sheet: 0,60 mm 
 Thickness of substructure: 6,0 mm 
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 of test report 
 No.: D3.2 – part 2 
 
Full-scale tests 
 Thickness of face sheet: 0,60 mm 
 Thickness of substructure: 8,0 mm 
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 of test report 
 No.: D3.2 – part 2 
 
Full-scale tests 
 Thickness of face sheet: 0,75 mm 
 Thickness of substructure: 5,0 mm 
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 of test report 
 No.: D3.2 – part 2 
 
Full-scale tests 
 Thickness of face sheet: 0,75 mm 
 Thickness of substructure: 6,0 mm 
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 of test report 
 No.: D3.2 – part 2 
 
Full-scale tests 
 Thickness of face sheet: 0,75 mm 
 Thickness of substructure: 8,0 mm 
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 of test report 
 No.: D3.2 – part 2 
 
Test on connections of longitudinal joints 
 Thickness of face sheet: 0,50 mm 
 Nominal diameter of fastener: 4,8 mm 
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 of test report 
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 of test report 
 No.: D3.2 – part 2 
 
Test on connections of longitudinal joints 
 Thickness of face sheet: 0,50 mm 
 Nominal diameter of fastener: 5,5 mm 
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 of test report 
 No.: D3.2 – part 2 
 
Test on connections of longitudinal joints 
 Thickness of face sheet: 0,50 mm 
 Nominal diameter of fastener: 6,3 mm 
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 Annex 6.7 
 of test report 
 No.: D3.2 – part 2 
 
Test on connections of longitudinal joints 
 Thickness of face sheet: 0,75 mm 
 Nominal diameter of fastener: 4,8 mm 
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 of test report 
 No.: D3.2 – part 2 
 
Test on connections of longitudinal joints 
 Thickness of face sheet: 0,75 mm 
 Nominal diameter of fastener: 5,5 mm 
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 of test report 
 No.: D3.2 – part 2 
 
Test on connections of longitudinal joints 
 Thickness of face sheet: 0,75 mm 
 Nominal diameter of fastener: 6,3 mm 
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 of test report 
 No.: D3.2 – part 2 
 
Test on connections of longitudinal joints 
 Thickness of face sheet: 0,50 mm 
 Nominal diameter of fastener: 4,8 mm 
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 of test report 
 No.: D3.2 – part 2 
 
Test on connections of longitudinal joints 
 Thickness of face sheet: 0,50 mm 
 Nominal diameter of fastener: 5,5 mm 
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 of test report 
 No.: D3.2 – part 2 
 
Test on connections of longitudinal joints 
 Thickness of face sheet: 0,50 mm 
 Nominal diameter of fastener: 6,3 mm 
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 of test report 
 No.: D3.2 – part 2 
 
Test on connections of longitudinal joints 
 Thickness of face sheet: 0,75 mm 
 Nominal diameter of fastener: 4,8 mm 
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 of test report 
 No.: D3.2 – part 2 
 
Test on connections of longitudinal joints 
 Thickness of face sheet: 0,75 mm 
 Nominal diameter of fastener: 5,5 mm 
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 of test report 
 No.: D3.2 – part 2 
 
Test on connections of longitudinal joints 
 Thickness of face sheet: 0,75 mm 
 Nominal diameter of fastener: 6,3 mm 
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 of test report 
 No.: D3.2 – part 2 
 
Tests on “thick to thin connections” 
 Thickness of steel section: 2,0 mm 
 Thickness of face sheet: 0,50 mm 
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 of test report 
 No.: D3.2 – part 2 
 
Tests on “thick to thin connections” 
 Thickness of steel section: 2,0 mm 
 Thickness of face sheet: 0,50 mm 
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 of test report 
 No.: D3.2 – part 2 
 
Tests on “thick to thin connections” 
 Thickness of steel section: 2,0 mm 
 Thickness of face sheet: 0,75 mm 
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 of test report 
 No.: D3.2 – part 2 
 
Tests on “thick to thin connections” 
 Thickness of steel section: 2,0 mm 
 Thickness of face sheet: 0,75 mm 
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